Second, they show that this innervation is augmented in lactating mothers, a plastic process leading to enhanced release of oxytocin in the LS. By activating local inhibitory interneurons, the enhanced release of oxytocin inhibits neural activity in the LS, subsequently attenuating fear responses of mothers.
The study of Menon et al. echoes a recently published study in rats [14] , where the authors used odor fear conditioning to show that oxytocin acts in the central amygdala to prevent fearinduced freezing response in lactating mothers, thus enabling them to actively protect their pups. Together, both of these studies show how oxytocin modulates brain activity to prevent an adaptive fear response, such as freezing, in situations where it could possibly be maladaptive, such as when mothers protect their offspring. These findings also reveal a clear match between the physiological role of elevated peripheral oxytocin during lactation and the behavioral consequences of its enhanced brain activity during this precarious period ( Figure 1) . Thus, these studies are a step forward in understanding that the dichotomy between brain and periphery is artificial and that they should be conceived and explored as one gestalt.
From a broader perspective, social rodents, like humans, live in multigenerational colonies containing females in all stages of the reproductive cycle, including virgins. Previously, it has been reported that oxytocin release in the auditory cortex of virgin female mice co-housed with lactating mothers and their pups accelerates the emergence of maternal behavior displayed by the virgin females [15] . Together, all of these studies suggest that the extended oxytocin system in the central nervous system affects group dynamics beyond the individual, and modulates complex social networking, thus increasing colony fitness (Figure 1 Bacteria protect themselves against infection using multiple defensive systems that move by horizontal gene transfer and accumulate in genomic 'defense islands'. A recent study exploited these features to uncover ten novel defense systems, substantially expanding the catalog of bacterial defense systems and predicting the discovery of many more.
Bacteria are at risk for both cell death and genomic invasion by a variety of genetic parasites including phages and plasmids. To protect against these threats, bacteria employ three general strategies for defense. These include: preventing cell entry (via receptor masking or variation); abortive infection (altruistic suicide and/or dormancy of infected cells to protect kin from infection); and cellular immunity, which comprises both innate mechanisms (for example, restriction modification systems) and adaptive mechanisms (such as the CRISPR-Cas systems that have been described in the past decade) [1] . To survive these bacterial defenses, phages and other parasites have developed ways to evade or antagonize bacterial immunity [2, 3] . Because singular defenses are more susceptible to evasion or antagonism, bacterial genomes often encode multiple, unrelated defense systems [4] in discrete genomic loci called 'defense islands'. These islands provide landing sites for horizontal gene transfer and undergo frequent recombination, thereby rapidly diversifying defense-gene repertoires [5] and helping to safeguard bacterial populations against widespread infection from a single parasite [6] .
These two properties -the accumulation of defensive systems in discrete islands and their portability via horizontal gene transfer -have now been skillfully exploited by the research team of Rotem Sorek and colleagues in a new study that reports nine new anti-phage systems and one novel anti-plasmid system ( Figure 1 ). This discovery represents the single largest description of new bacterial defense systems to date [7] . Based on mounting evidence that known defense systems represent only a fraction of what naturally exists [5] , the study's authors set out to discover new examples. They focused on genes of unknown function that were found both in proximity to other known defense genes and in variable genomic configurations. This 'guilt by association' approach maximized the chances of identifying previously unknown defense genes by virtue of their recurrent appearance in defense islands. Moreover, because bacterial proteins that function together are often encoded in a single locus, the authors were able to make reasonable predictions about the genetic composition of a novel, putative defense system based solely on conserved gene organization across islands. Based on some exclusionary criteria (for example, no homology to mobile elements), they settled on 28 putative defense systems that were present in a broad phylogenetic range of host genomes [7] .
Next, the study's authors needed a host system to test whether these 28 candidate defense systems were truly protective. They selected two hosts: a strain of the Gram-positive bacterium Bacillus subtilis and a strain of the Gram-negative bacterium Escherichia coli. Both strains lack homologs of the 28 candidate defense systems but are susceptible to a variety of wellcharacterized, diverse phages. Aiming to test multiple variants of the 28 candidate defense systems, the authors obtained 61 target gene sets with close phylogenetic proximity to either B. subtilis or E. coli. Bacterial strains that successfully expressed the candidate defense systems were created, exploiting their inherent portability. A panel of phages was then used to challenge these engineered bacterial strains. This group included representatives from the three major families of tailed, double-stranded DNA phages and, in the case of E. coli, a single-stranded DNA phage. Nine of the candidate defense systems conferred protection against at least one phage, and six of these protected against phages from multiple families. A tenth defense system conferred no anti-phage activity, but instead impaired plasmid transformation into B. subtilis, emphasizing the role of defense islands to restrict multiple forms of foreign DNA.
Most of the 10 validated defense systems showed a broad phylogenetic distribution (that is, they were found in >10 bacterial phyla) and at moderate prevalence (occurring in 1-6% of examined genomes). This suggests that they may not rely on taxa-specific host factors to function, but instead act as autonomous, transmissible units. (A) Bacterial defense systems often co-occur in specific genomic locations, called 'defense islands'. Doron, Melamed et al. [7] reasoned that genes of unknown function that are also found frequently within these islands may encode novel defense systems, especially if they exhibit conserved gene order across diverse genetic contexts. (B) The authors chose 28 candidate systems to express in either B. subtilis or E. coli and tested whether these systems restricted phage or plasmid propagation. In total, nine systems showed anti-phage activity (often against multiple DNA-phage families) and one conferred anti-plasmid activity. Together, the discovery of these ten defense systems substantially expands the known universe of defense systems in bacteria.
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Current Biology Dispatches anti-phage systems also defend against multiple families of tailed dsDNA phages, perhaps by targeting general features of their replicative cycle. The defense systems likely confer innate but not adaptive immunity because they immediately protect against phage infection, rather than requiring multiple exposures. Intriguingly, in several instances, different variants of the same defense system gave significantly different phage-restriction profiles. These findings are reminiscent of many classic arms-race scenarios [8] , where virusspecific antagonists or escape variants accumulate across shallow evolutionary distances, yielding immune-restriction profiles that do not match host phylogeny. How do these new defense systems function? Many of the ten validated systems contain proteins with a predicted nuclease, helicase, or other DNA-binding domain, suggesting that DNA interactions may be used to detect infection or elicit a response. For instance, the Hachiman and Druantia defense systems possessed the most potent anti-phage defenses in the B. subtilis and E. coli strains, respectively. Both systems encode large predicted helicases downstream of smaller gene(s) of unknown function. The Druantia locus is unusually large (12 Kb), with an elaborate gene organization and few recognizable domains, perhaps hinting at an entirely new defense strategy [7] . However, with few other shared features or homologs of known function, it is difficult to predict how most of these new systems act, and more detailed analyses will be required to reveal mechanisms of protection.
In two cases, however, the newly discovered defense systems reveal features that hint at mechanisms. The first of these, the Zorya system, is found almost exclusively in Gram-negative bacteria. It possesses two genes that are homologous to the inner-membrane proteins that form the proton channel and stator component of the bacterial flagellar motor. The study's authors suggest the possibility that Zorya might represent a novel example of defense via abortive infection, in which bacterial cells commit altruistic suicide to protect the larger population from phage infection. In this case, Zorya's proton channel may depolarize membrane potential following infection, causing cell death in dualmembrane Gram-negative bacteria. The second system, Thoeris, is found in both bacteria and archaea, and is associated with a Toll-Interleukin Receptor (TIR) domain. TIR domains are a common feature of innate immune proteins in plants and animals, where they are involved in pathogen detection and signal transduction following infection [9] . Indeed, Doron, Melamed et al. [7] found that the recently described NAD+ hydrolase activity of TIR domains [10] is necessary for phage restriction in Thoeris. The identification of TIR domains in bacterial and archaeal defense systems demonstrates that this motif has an immune function across all domains of life.
Out of necessity, the study by Doron, Melamed, and colleagues [7] also included some practically constrained inclusion thresholds to streamline the analysis of all published bacterial and archaeal genomes. For instance, rare and taxa-specific defense systems were excluded from consideration in the study, as were those that shared sequence features with transposons, even though these elements share ancestry with other defense systems (for example, CRISPRCas and Casposons) [11] . Technical issues that are difficult to avoid -such as incompatibility with host strains, lack of appropriate phage targets, or the inadvertent choice of non-functional gene sets for testing -might also have reduced the effective scope of the screen. Nonetheless, a remarkable 10 of the 28 candidate systems examined showed defense activity, a testament to both the authors' search parameters and the easy portability of most bacterial defense systems. The diversity of systems identified with this single approach hints at the tantalizing prospect that many more bacterial defense systems remain to be identified.
It is natural for new discoveries of bacterial defenses to lead to some excitement about their utility as tools in molecular biology; after all, the application of restriction enzymes for recombinant DNA [12] or the more recent development of CRISPR-Cas systems for genome editing [13] have been transformative. It is too soon to tell, especially in the absence of mechanistic insights, if any of the systems discovered by Doron, Melamed, et al. [7] will lead to similarly ground-breaking technologies. However, regardless of whether they drive the next gold rush in biotechnology, the impact of this work toward understanding bacterial community dynamics cannot be overstated. Indeed, microbiology has undergone a dramatic shift in recent years from a primary focus on isolated microorganisms toward a greater investment in understanding complex microbial communities [14] . In this context, the study of cooperative [15] and antagonistic [16] interactions amongst bacteria, and between bacteria and their parasites, has become imperative. Many of the same genetic parasites targeted by bacterial defenses can also carry cargo genes that are conditionally beneficial to bacteria, including antibiotic resistance determinants [17] , virulence factors [18] , interbacterial antagonists [16] , and other niche-adaptive functions [19] ). As a result, active defense systems may be useful or harmful to the bacteria encoding them. Any intervention or manipulation of highinterest microbiomes [20] will have to account for the native phages, mobile elements, and corresponding immunity systems present in these habitats; without such consideration, any interventions conjured in a laboratory will have limited success. Viewed through this lens, the new work by Doron, Melamed, et al. [7] is a game changer.
